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1.0 INTRODUCTION 

In January 1971, a research effort was undertaken in the Propulsion Wind Tunnel 

Facility (PWT) at the Arnold Engineering Development Center (AEDC) to develop a new 

test technique for testing full-scale inlet/engine systems at high angles of attack and yaw. 

The steps taken in developing the new techniques were: (I)  to determine for a given 

aircraft configuration the flow field at the inlet, (2) to develop flow shaping devices which 

are capable of producing the desired flow, and (3) to verify the ability of the device 

by conducting flow survey tests in the wind tunnel. The success of such an approach 

obviously depends on the ability to correctly determine the flow field produced by the 

aircraft and the flow shaping devices. To correctly determine these flow fielhs required 

either experimental data from wind tunnel tests or predictions made by analytical 

procedures. Wind tunnel testing was considered to be both too costly and time consuming 

because a large number of models would need to be fabricated and tested before the 

correct flow simulations were obtained. Therefore, it was determined that an analytical 

method of predicting the flow fields for both the aircraft and the flow shaping devices 

was needed. 

At that time, a three-dimensional potential flow program which used a vortex-lattice 

to describe the model was in use at AEDC for flow field calculations. A compressibility 

correction using Goethert's Rule had been incorporated into the program for use at high 

subsonic Math numbers. However, this program was fixed to use only 99 horseshoe vortices 

which restricted its use to very simple models. Since models with considerable detail would 

be required for the pending flow field analyses, the program was rewritten and expanded 

to allow the flow field about large models to be analyzed. The flow field calculations 

made with this program gave excellent agreement with wind tunnel data which ultimately 

resulted in the development of the testing technique desired. However, the program proved 

to be extremely slow. Whereas the solution for a model with 99 vortices could be obtained 

in approximately 30 min, the solution for a model with570, vortices_(the largest tried 

with this version of the program) took approximately 20 hr. This was considerably less 

time than required for fabrication and testing of a model; however, the time factor 

obviously restricted the use of the program. Therefore, a complete rewrite of the potential 

flow solution was undertaken which resulted in the present Potential Flow Program (PFP). 

With this program, the solution for a model with 1579 vortices was obtained in 16 hr 

on the old AEDC IBM-370-155 which should reduce to approximately 4 hr on the present 

AEDC IBM-370-165. 

This volume presents the method of solution, describes the input and output, and 

provides other information necessary 'to run PFP. Also documented is a plot program 

which will plot various views of the model and flow field parameters. A sample run is 

given, including a complete listing of the run deck, the printed output, and plots. 
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2.0 METHOD 

If  flow is irrotational, then the velocity field is derivable from a potential. In particular, 

if the fluid is incompressible, then the potential satisfies Laplace's equation. The method 

used by PFP is to induce the flow by N singularities which are known to produce velocities 

which are derivable from a potential which satisfies Laplace's equation. Boundary 

conditions are imposed at N distinct points, called control points. This produces a linear 
set of_N algebraic equations in N unknowns, which are the strengths of  the singularities. 

When the strengths have been computed,  the velocities anywhere in the field can be 

computed. The method is extended to compressible flow by using Goethert 's 
compressibility correction. 

The method used by PFP is outlined above and detailed in the following sections. 

The modeling data, i.e., the shape and locations of  the singularities and the locations 

of the control points, are input to PFP. How to best model a particular flow problem 

has been learned by experience and is covered in Volume II. 

2.1 SINGULARITIES 

Helmholz's theorem states, if the divergence and vorticity of  a vector field is known 

everywhere in space, then the field is completely specified. Thus, one can picture flow 

as being induced by its divergence and vorticity. To simplify manners, if one discretizes 
the divergence, the mathematical ideal, the point source is derived. Similarly, if vorticity 

is confined to lines, the mathematical concept of a line vortex is formed. These are the 
singularities used by PFP and are illustrated in Fig. I. 

Type 1: I s o t r o p i c  P o i n t  
S o u r c e  

2 . 3 

t, 
Type 2: V o r t e x  Loop w i t h  

F o u r  S i d e s  

Figure 1. 

3 

I 

Type 3:  V o r t e x  Shoe w i t h  
Three  Sides  

Types of singularities used by PFP. 

6 
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Type I singularity is an isotropic point source or, in the case o f  negative strength, 

a point sink. The velocity induced by a point source is given by the equation in Fig. 

2 where 3, is the strength of  the source and ~ is a unit vector in the direction o f f  

Since by a vector identity, the 

divergence of  the vorticity is zero, it can be 

proved that a line vortex must either be a 

loop or else must come from infinity and 

return to infinity. For ease of reference, the 

term "shoe" was coined to refer to the latter 

case. As shown in Fig. 1, PFP restricts a line 

vortex to either a quadrilateral or a 

three-sided shoe. The trails of  Type 3 

singularities are all parallel, the direction 

S 
411 r t 

Figure 2. Velocity induced by an 
isotropic point source. 

being input to PFP. In Fig. 1, the numbers beside the vortices of  Types 2 and 3 indicate 

the order they are input to PFP. 

The velocities induced by Types 2 and 3 singularities are formed by adding the 

velocities induced by the sides and trails. The velocity induced by a vortex line segment 

is given by the equation in Fig. 3. The vortex is between Points 1 and 2, and the velocity 

is at Point 3. The unit vectors ~ and ~" are in the plane of  the 3 points. The angles 

(01 and 02) are defined by the figure, the strength of  the vortex is 7, and y is the distance 

between Point 3 and the line determined by Points 1 and 2. The velocity induced by 

a vortex ray or trail is found as a limiting case as one o f  the angles (01 or 02) approaches 

z e r o .  

r 

] 
- - t  

(cossl + cos~ ( t  x ~) 

Figure 3. Velocity induced by a vortex line iegment. 

G•• J 
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2.2 SYSTEM OF EQUATIONS 

The velocity at any point is given by 

j=l 

In particular, the velocity at the i th control point is given by 

N 

Vi = L  "1" £ '~j-~ij 
j=z 

The boundary condition at the i th control point is that the flow must be perpendicular 
A 

to the unit normal vector (bi) and thus the dot product  

N 

Vi ° = . " i + ~'j " Uij " bi = 0 
j=l 

Rearranging, one obtains the system of  linear algebraic equations satisfying the B.C.'s at 

the control points: 

• bi)qrj = - • bi , ' i  --1, 2 . . . . .  N 
j r!  

which can be solved for the strengths (~,j). Once the strengths are known, the velocity 

can be computed at any point by Eq. (1). 

2.3 GOETHERT'S RULE 

Thus far the analysis applies only to incompressible flow. With certain approximations, 

compressibility can be accounted for by a transformation called Goethert 's  Rule I . The 

transformation is from the physical plane to a stretched plane in which the transformed 

velocity potential satisfies Laplace's equation, and thus, in which the method of  solution 

used in the PFP is valid. 

The transformation is made properly by PFP independent of  the direction of  v ;  

however, for convenience, assume that the free stream is in the x-direction. First, define 

1See Shapiro, Ascher R. The Dynamics and Thermodynamics of Compressible Fluid Flow. The 
Ronald Press Co., New York, 1953. Starting on page 394 of Vol. 1. 
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then the transformation from the physical plane to the stretched plane is given by 

= x /~  

y = y  

~ = z  

~==v= 

Velocities are computed in the stretched plane; then the velocities in the physical plane 
are given by 

u = ~ - ~ ) / / 3 2  + v =  

v = v / #  

w = w//~ 

For the limits of  applicability of Goethert 's Rule, see the reference cited in the footnote. 

3.0 POTENTIAL FLOW PROGRAM 

This section provides the concise, but detailed, information needed for the operation 

of PFP. 

3.1 DATA SETS FOR PFP 

Data sets used by PFP are listed below: 

Data Set 

5 

6 

11 

12 

22 

90 

91} 
92 

Description 

Card input data 

Printed data 

Model input data 

Velocity input data 

Velocity output  data 

System of equations 

Used in the process o f  solution of  the system 

of equations; enough space should be allocated 
to Data Sets 91 and 92 to record the system of  

equations 

9 
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3.2 CARD INPUT DATA FOR PFP 

Four cards are read by PFP as follows: 

Card Variables Format 

LABEL 

AX, AY, AZ, PROX 

FX. FY, FZ, FS, EM, CAY 

LX. LY, LZ, NW 

(18A4) 

(4El0.0) 

(6El0.0) 

(415) 

The variables are as follows: 

Variable Definition 

LABEL 

AX I AY 

AZ 

PROX 

"x 

I FY 
FZ 

FS 

EM 

CAY 

LX 

LY 
LZ 

NW 

Title of the shot 

Angles in degrees the trails of 

Type 3 singularities make with 

the three axes 

Proximity of a singularity or part thereof 
in which its effect is set equal to zero 

Angles in degrees the free stream 
makes with the three axes 

Magnitude of the free-stream velocity 

Free-stream Math number 

Ratio of specific heats (Set to 1.4 if 
left blank) 

Indicates symmetry with respect to 
respective planes (see below) 
0 - no symmetry 
1 - symmetry 

Left blank if the model input data are to be 

printed or if the number of singularities 
is not known; otherwise, it is the number 
of singularities 

Symmetry can be specified with respect to any combination of the three zero planes 

(x = 0, y = 0, and z = 0) as indicated by the variables (LX, LY, and LZ). If there 

10 
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is symmetry with respect to one plane, then one-half of the model is input. If there 

is symmetry with respect to two planes, then one-fourth of the model is input, and if 

with respect to three planes, then one-eighth of the model is input. Symmetry is easily 

imposed by combining each input singularity with all its reflections; all parts have the 

same strength. 

3.3 MODEL INPUT DATA FOR PFP 

Model data arc input to PFP by a data set which is created by a separate program 

as is explained in Section 5. Each record of the data set supplies data for one singularity 

of the model and is read by the FORTRAN statement 

READ (11) XI,YI,ZI,X2,Y2,Z2,X3,Y3,Z3,X4.Y4,Z4, 

CX,CY,CZ,BX,BY,BZ.L 

The variable (L) indicates the type of singularity (I,  2, or 3) (see Fig. 1) or else the 

last record of the data set by a value of"-999. 

When L = 1, the coordinates of the point source are given in X1, YI, and ZI. 

When L = 2 or 3, the variables XI through Z4 are the coordinates of the four vertices 

of the loop or shoe in the order indicated in Fig. 1. 

The variables CX, CY, and CZ are the coordinates of the control point. 

If CX = I.E50, then the coordinates are computed by the FORTRAN assignments: 

CX = .25* (X1 + X2 + X3 + X4) 

CY = .25* (YI + Y2 + Y3 + Y4) 

CZ = .25* (Z1 + Z2 + Z3 + Z4) 

The variables BX, BY, and BZ are the components of the unit normal vector. 

if BX = I.ESO, then the unit normal vector is computed by taking the normalized 

vector cross product of the two diagonals of the quadrilateral determined by X1 through 

Z4. 

If BX = I.E51, then the strength of the singularity is specified by BY. 

11 
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3.4 VELOCITY INPUT DATA 

Velocity input data are instructions to PFP as to what points in the flow field velocities 

and streamlines are to be computed. As explained in Section 5, this input is by a data 

set which is created by a separate program. Each record supplies either where a velocity 

is to be computed or where computation of  a streamline is to begin. A record is read 

by a FORTRAN statement: 

READ (12) X,Y,Z,DS,A 1,A2,X1 ,X2,Y 1,Y2,Z I,Z2, 

FN,D,D,D,D,D,L 

The variable (D) is not  used. 

The ~'ariable (L) indicates whether a velocity (L = 1) or a streamline (L = 2) is 

to be computed;  or else a value of  L ffi -999 indicates the last record of  the data set. 

If  L = 1, then X, Y, and Z are the coordinates of where the velocity is to be computed.  

The rest of the data are not used. 

If  L = 2, then X, ¥ ,  and Z are where a streamline is to begin. The rest o f  the 

data provide control over the accuracy and "length of  the streamline as follows. 

The initiaI step size is given by DS. The streamline is computed downstream if DS 

is positive and upstream if DS is negative. The maximum step size is the absolute value 

of DS. 

The variables (AI and A2) are angles in degrees. If the angle between velocities at 

the beginning and at the end of  a step is less than A1, then the step size is increased. 

If t h e  angle is greater than A2, then the step size is decreased. If A2 ~ AI,  then they 

are set at the default values of  i deg and 3 deg. 

The values of  X1 through Z2 are the limits of  a rectangular box. Conputation of 

a streamline terminates if it extends outside the box. 

Computation of  a streamline terminates when the number of  steps exceeds FN. 

3.5 VELOCITY OUTPUT DATA 

Calculation of  the flow field velocity is the primary result of  PFP; however, from 

the velocities, various other parameters of  interest can be computed.  These data are printed 

and are also recorded on Unit 22 to save for the plot program. Each record is written 

by a FORTRAN statement 

12 
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WRITE (22) X,Y,Z,U,V,W,VA,AM,TV,TW, 

CP,D,A,A,A,A,A,A,L 

The variable (A) is not  used. 

The variable (L) is an indicator as follows. A value (L = 1) indicates a velocity. 

A value (L = 2) indicates the start of  a streamline, and the data are a copy of  the streamline 

input data. A value (L = 3) indicates that the record is data for one point of  the streamline, 

and L = 4 indicates the end of  the streamline. The last record is indicated by L = -999. 

When L = 1 or L = 3, the data of  the record are as follows. 

Col. No. Variables Definition 

i X 

2 y 

3 z 

4 U 

5 V 

6 W 

7 VA 

(printed as Iv I) 

Coordinates of the point in 

the velocity field 

Components of  the velocity 

Magnitude of  the velocity, 
171 = ~/u2 + v2 + w2 

AM 

(printed as M) 

9 TV 

(printed as A(V,U)) 

10 TW 

(printed as A(W,U)) 

11 CP 

12 D 
(printed as M-MI) 

Local Mach number,  

M = M=(Ivlllv..l)_, 

X/I +1/2(k-1)M 2 [1-(I-~1/i~.l )21 

where k is the ratio of  specific 

heats 

Flow angularity in degrees, 
tan -1 [v/u] 

Flow angularity in degrees, 

tan -1 [w/u]  

Pressure coefficient 

Cp = 1 - (l~l/l~. I) 2 

M - M w 
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These data are computed and printed by the subroutine VELOUT. If alternate 

parameters are desired or if a format change is needed, only a minor modification of 

this subroutine would be required. 

3.6 ALLOCATION OF MEMORY AND THE GENERAL LOGIC 

The large arrays needed during execution of  PFP are in COMMON as: 

COMMON/ARRAYS/L(N), X(4,N), Y(4,N), Z(4,N),CX(N), CY(N), 

CZ(N), BX(N), BY(N), BZ(N). H(N) 

where 

Variables Definitions 

L 

X 
Y 

Z 

cx I CY 

CZ 
\ 

I BY 

BZ 

H 

Types of  singularities 

Coordinates of the singularities 

Four locations reserved per singularity, 

of which only the first is used by Type 1 

Coordinates of the control points 
Later the strengths of  the singularities 

are stored in CX 

Components of  unit normal 
vectors 

Extra array used in computation of  the 
system of  equations 

The control points and unit vectors are used only in the computation of  the system 

of equations, and thus, after the system has been computed,  the memory beginning with 

CX(I), and including the remaining memory reserved by the COMMON block, can be 

used in the solution of  the system of equations. It is important that this memory be 

as large as possible since the larger the memory the quicker the solution is effected. 

The reservation of  memory is made in subroutine SIZE. To redimension, one needs 

only to change the two integer constants in this routine, thus the program is easily 
dimensioned to use whatever memory is available. 

The allocation of  memory is made in subroutine SCRIMP. An overview of  the logic 

can be obtained by analyzing the main program and the subroutine CHAIN. The functions 
of the basic subroutines are as follows. 
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Subroutine Function 

MODEL 

STRETCH 

SYSTEM 

LSYSEQ 

CHECK 

USER 

Input model data 

Transform model according to Goethert's Rule 

Compute the system of  equations 

Solve the system of  equations 

Check the solution 

Compute velocities and streamlines as directed 

by velocity input data 

4.0 POTENTIAL FLOW PLOT PROGRAM 

It is practically impossible to be certain all singularities are input correctly by checking 

a tabulation of  the coordinates. Similarly, significant trends in the velocities and streamlines 
can be overlooked if one just looks over a tabulation of  the output.  Such difficulties 

are readily resolved by a plot program Model errors are usually conspicuously evident, 
and the flow field can be visualized by examining various plots. 

The Potential Flow Plot Program was written for the CalComp, Model 765 (hardcopy) 

or 835 (CRT) plotter. For each view, the program performs a transformation of the 

three-dimensional data onto a plane, scales it, and plots it. Also available is the capability 
of producing contour plots of the flow field. 

4.1 DATA SETS FOR THE PLOT PROGRAM 

Data sets for the plot program are listed below: 

Data Set Description 

5 Card input data 

6 Printed output  

I1 Model input data; same as for PFP 

12 Velocity input data; same as the velocity 
output  data of PFP 

20 Work space; enough space should be allocated 
to hold both the model and the velocity data 

In addition, at AEDC the program output  is on tape, PLOTlrAPE, which drives the 
off-line plotter. 
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4 . 2  CARD INPUT DATA FOR THE PLOT PROGRAM 

The plot program first reads three input cards as follows: 

Card 

1 

2 

3 

Variable 

LABEL 

AN 

AT 

AV 

TX I 
TY 

Tz 

VMAX 

LPLOTR 

INCHES 

LBODY 

LTROL 

Variables 

LABEL 

AN,AT,AV,TX,TY,TZ,VMAX 

LPLOTR,INCHES,LBODY,LTROL, 

LVELY,LSTRM 

Definition 

Format 

(18A4) 

(7El0.0) 

(615) 

A 72-character title which appears on all plots 

Length of normal vectors in model units 

Length of trails of  Type 3 singularities in 

model units 

Length a unit velocity vector is to be plotted 

in model units 

Angles in degrees the trails of Type 3 

singularities make with the three axes 

Velocities greater than this value will not be 

plotted 

Plotter model 

765 - Hard copy 

835 - CRT 

Maximum length, of  plots in inches; has a default 

value of 16 if left blank, and a maximum value of 

16 if CRT 

0 - Don't plot model 

1 - Plot model 

0 - Don't plot control points 

l - Plot control points 

16 
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LVELY 

LSTRM 

0 - Don't  plot velocities 

1 - Plot velocities 

0 - Don't  plot streamlines 

I - Plot streamlines 

VIEW DATA. The following data are read for each view to be plotted: 

Variables Format 

LVIEW,LSCALE,LPOV (315) 

Variables Description 

LVIEW 1 - YZ view 

2 - XZ view 

3 - XY view 

4 - Isometric 

5 - Perspective 

-1 - Contour plot 

0 - Plotting completed 

LSCALE 0 - Compute scale 

1 - Read scale 

LPOV Used only when LVIEW = 5 

0 - Compute point o f  view 

1 - Read point of  view 

If LVIEW = 5 and LPOV = 1, then the next three cards supply point of  view data 

(see Section 4.3). 

If  LVIEW = -1, then the next card supplies contour data (see Section 4.4). 

I 

If  LSCALE = 1, then the next card supplies scale data and is as follows: 

Variables Format 

X,Y,DX,DY,WX (SE 10.0) 

17 
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Variables Description 

X Y/ 
DY 

WX 

Values of  the first tic mark on the 

horizontal and vertical axis, respectively. 

Difference between successive one inch 

tic marks on the horizontal and vertical 
axis, respectively 

Length in inches of the horizontal axis; 

must be less than 16 for CRT 

When the above data have been read, the view is plotted and a branch is made back 

to read data for the next view. Description of the data for each view begins at the paragraph 

labeled "VIEW DATA" above. This loop ends when a value of  LVIEW = 0 is read, indicating 
that all requested plots have been completed. 

4.3 PERSPECTIVE PLOTS 

The plot program will plot perspective views, that is, views as are seen by the eye. 

The transformation is the projection of the model from a point onto a plane as is illustrated 

in Fig. 4. Note that the projection is determined by the three points, labeled A, B, and 
C, in the figure. The projection plane is perpendicular to the line determined by A and 
B and is one unit from A toward B. The origin of  the axes is the projection of  B, and 
the positive y-axis is determined by the projection of  C. 

A C 

B 

X 

PLANE ~ ~ - -  

\ 

Figure 4. Perspective views. 
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One can think of  the points A, B, and C as determining the point o f  view. The 

viewer is at A, looking toward B, and the point C is seen vertically above B. If LPOV 

= 1, then the coordinates of these three points are read on three cards as follows: 

Card Variables Format  

1 AX,AY,AZ (3E 10.0) 

2 BX,BY,BZ (3E 10.0) 

3 CX,CY,CZ (3E 10.0) 

4.4 CONTOUR PLOTS 

In addition to the model and flow field plots, the plot program has the capability 

of  producing contour  plots. A contour plot o f  any parameter Z, of  the velocity data 

set can be plotted as a function of  X and Y where X and Y are the horizontal and 

vertical axes, respectively, of  the contour  plot and can be any two o f  the coordinates 

x, y, or z for a constant value of  the third coordinate. 

To make a contour  plot, the velocity data must be obtained on a uniform grid (net), 

i.e. - a rectangular array with constant delta X and constant delta Y. The first record 

of  the grid data is always the lower, left-hand comer  of  the contour plot. Successive 

records supply data for all the X-values for the first Y-value; then all the X-values for 

the second Y-value and so on. 

The contour  card input data are on one card as follows: 

Variables 

LX,LY,LZ,NX,NY,NZ,NSKIP 

Format  

(715) 

Variable 

LX t 
LY 

LZ 

Description 

Values 1, 2, or  3 indicating x, y, or z for 

the horizontal, X-axis and the vertical 

Y-axis, respectively 

Which parameter of  a velocity data record (see 

Sec. 3.5) is to be plotted; for example, a 

value of  LZ = 8 would indicate a contour plot 

of  the Math number  

19 



AEDC-TR-75-75 

Variable 

Nx I NY 

NZ 

NSKIP 

Description 

The number of  X-values and Y-values, respectively 

The approximate number of  Z-values to be plotted; 

there is a default value of  7 if left blank 

This is the number of  records on the velocity data 

set before the first record of  the grid 

5.0 SAMPLE RUN 

It has been found that most models run on PFP are so complicated that a special 

purpose program must be written to prepare the input. The acceptance of  this fact resulted 
in PFP having both general application and simple operation. This was achieved by inputting 
the model and velocity data via data sets created by a separate program. 

The usual procedure used at AEDC in applying PFP is to run three step jobs. The 

first step executes a program which prepares the input  data sets. These sets are passed 

to the second step which executes PFP. The output  of  PFP and the model data are passed 

to the third step which executes the plot program. A complete listing of  a run deck 

for a typical job of  this type is given in Appendix A. The printed output  of  PFP for 
this sample run is given in Appendix B. Hots produced are given in Figs. B-I through 
B-3. 

For models such as cylinders and cones, it is usually not  difficult to write a program 

to produce the input to PFP. For irregular shaped models, the subroutine PART of  Step 

I of  the sample run has been found useful for preparing the input data. When called, 
it reads card data: 

Variables Format 

X(J), Y(J), Z(J) (3El0.0) 

where J = 1 for the first card, J = 2 for the second card, and so on. Reading continues 
until a value of X = 1 .ES0 is read. The subroutine then starts reading card data as follows. 

Variables Format 

J1, J2, J3, J4, LT (515) 
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Each record of this second type of  data produces a record of  model input data (see Sec. 

3.3) with 

Variables Values 

XI,  Y1, ZI X(Jl),  Y(JI),  Z(J1) 

X2, Y2, Z2 X(J2), Y(J2), Z(J2) 

X3, Y3, Z3 X(J3), Y(J3), Z(J3) 

X4, Y4, Z4 X(J4), Y(J4), Z(J4) 

CX, CY, CZ i.E50, I.E50, l .E50 

BX, BY, BZ I.E50, 1.E50, I.E50 

L LT 

This process continues until a blank card is encountered. 

In conclusion, it is noted that PFP was written to solve a specific class of  problems. 

Most of  thz problems for which it is used at AEDC fall within this class and can be 

run on the program without modification. However, there are endless ways the program 

could branch to do various things and no.a t tempt  was made to include all these as options 

in the input. Alternatively, the program was written as logically and as modular as possible 

with the goal that modifications could be made with minimal effort. Documentation also 

proceeded with this objective in mind. This programming philosophy has resulted in a 

much shorter and less complicated program. It is urged that for full utility of the method,  

one become familiar with the coding and not hesitate to make modifications as the 

occasions arise. 
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B. 

APPENDIX A 
SAMPLE RUN DECK LISTING 

Following is a listing of the run deck for the sample problem shown in Appendix 
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AEDC-TR-75-75 

APPENDIX B 
SAMPLE PROBLEM 

Following is a sample problem for the flow analysis of a sting-strut configuration. 

The tabulation of  the model coordinates and construction pattern of  the model lattice 

following the method described in Section 3.3, Vol. II, is shown in Table B-1. The model 

data tabulation, which is derived from Table B-! and that is used as the model input 

into PFP as described in Section 3.3, is shown in Table B-2. Five views of  the model 

from the Plot Program are shown in Fig. B-1. These views allow the configuration to 

be checked for possible errors prior to initiating the PFP. The input data for PFP, as 
described in Sections 3.1 and 3.2, are shown in Table B-3. A tabulation of  the velocity 

data described in Section 3.5 is given in Table B-4. The flow angularity data from Columns 
9 and 10 are shown in Fig. B-2. A tabulation of  the streamline data described in Section 

3.5 is shown in Table B-5. The plots of  the streamline data and vector plots of  the flow 

angularity data from the velocity data are shown in Fig. B-3. 
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Figure B-2. Continued. 
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Figure B-2. Continued. 
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